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Introduction
Family structures have important effects on individuals' lives. It has been documented in economics, psychology and medicine that the number of children and the order of the child within the family affect vital outcomes in life such as educational attainment, intelligence and health (see, e.g., Rohrer et al. 2015 , Bjerkedal et al. 2007 , Hotz and Pantano 2015 , Black et al. 2007 , and Barclay 2015 . This paper investigates whether the age difference between siblings affects personality traits. Personality traits are crucial for success in life (see, e.g., Borghans et al. 2016 ). The birth gap can be expected to affect personality traits for several reasons. When the birth gap is small, siblings compete for similar parental resources around the same time (e.g., help with learning how to ride a bike, payment of school fees, help with homework). On the other hand, a small birth gap implies that when parents help one child, the other may be more able to learn from this as well, and that the siblings may be more able to play with each other and learn from each other. The birth gap may affect personality traits such as competitiveness, neuroticism, extraversion, social skills, selfesteem, locus of control, etc. It may also affect behavioral problems in school and disorganized behavior. Because of the contrasting mechanisms, the signs of the effects of the birth gap on personality traits are difficult to predict.
We use the 1970 British Cohort Study, a longitudinal data base consisting of approximately 17,000 children born in the UK in one week of April 1970. These children have been followed in 10 surveys from birth (parental survey) up to an age of 42. The data contain the following personality traits of the children at age 10: Rutter behavioral problems, self-esteem, locus of control, disorganized behavior, anti-social behavior, 3 neuroticism, and introversion. The data also contain information about the amount of siblings and their year of birth, and about the pregnancy and health of the child's mother.
Because we only have information about miscarriages (i.e., our instrumental variable: see below) before the birth of the child that is followed in the survey, we can only estimate the effects of birth spacing on the personality of the youngest child. We furthermore focus on two-child households to abstract from analytical complexities of several age differences between siblings within the family (e.g., in three child families: youngest versus the oldest child, youngest versus the middle child), family size and birth order effects. In addition, we study the effects on male and female children separately.
An analytical challenge is that the age gap between children within a household is endogenous. Various confounding factors may relate both to birth spacing and to the personality of the youngest child. For instance, the personality of parents may be related to the choice to wait longer to have a second child, and to the personality of the second child. This implies that in order to study the causal relationship between birth spacing and personality, we need exogenous variation in birth spacing. In line with Buckles and Munnich (2012) who study the effect of birth spacing on achievement test scores, we use miscarriages between the first and second child as an instrument for birth spacing. The assumptions underlying this method are that (1) women who miscarry between their first and second child on average have a much larger age difference between the children, and (2) that miscarrying occurs at random.
We carefully inspect the assumptions underlying our method. With respect to the first assumption, we show that miscarriages indeed highly correlate with birth spacing.
The F-statistics in the first stage regressions show that miscarriage is a strong instrument 4 for birth spacing. Concerning the second assumption, we show that miscarriages do not correlate with several observables: smoking behavior of the mother during pregnancy, age of the mother at the birth of her first child, feelings of depression, and social class.
However, we do find that mothers who miscarried between their first and second child are under closer surveillance by the hospital in their pregnancy of the youngest child.
They more often receive antenatal care. We control for the use of antenatal care in our regressions. More importantly, we also find that women who miscarry between their first and second child were more likely to also have miscarried before their first child. This indicates that there may be a genetic or behavioral component to miscarrying. We therefore control for the number of miscarriages that occurred before the first child in our regressions. Conditional on these controls, miscarriages arguably occur at random, implying that we can use them as exogenous shocks. We also show that the results remain similar when we do and do not control for these variables.
An important additional challenge is that our instrument may be related to children's outcomes via different variables than the birth gap. The most obvious candidates are maternal mental and physical wellbeing. However, the literature overview given by Buckles and Munnich (2012) reveals that it is unlikely that our instrument is related to maternal mental or physical wellbeing.
The main result of our analysis is that a larger age gap between siblings negatively affects personality traits. Specifically, a larger birth gap leads to more disorganized behavior, more neuroticism, and more introversion. For small gap ranges (gaps of less than 4 years or a gap of 2 or 3 years), we find that a larger gap leads to less self-esteem, more introversion and more anti-social behavior. Separating the results for 5 boys and girls, girls become more neurotic due to a larger birth gap, while for smaller gap ranges, they become more anti-social and more introverted. Boys become more neurotic for large gap ranges and more disorganized for small gap ranges.
Our study contributes to a large literature on the effects of family structure on important life outcomes. One part of this literature focuses on the effects of birth order on personality and intelligence. Rohrer et al. (2015) and Bleske-Rechek and Kelley (2014) find no effect of birth order on personality. However, Roher at al. (2015) do find that intelligence decreases with a higher birth order. This last result has been confirmed by Bjerkedal et al. (2007) , Hotz and Pantano (2015) , Black et al. (2007) and Barclay (2015) , and challenged by Kanazawa (2012) . Salmon et al. (2016) find that birth order has a moderate (positive) effect on pro-social behavior. The findings on the effects of birth order on personality thus remain inconclusive.
In a recent meta-study in pediatrics, the effects of birth spacing on one facet of personality were taken into consideration. Conde-Agudelo et al. (2016) analyze the noncausal relationships of the birth gap and autism. Their conclusion is that short birth intervals are associated with an increased risk of autism spectrum disorder. Our contribution to this literature is that we study the effects on several facets of personality, and that we do take the endogeneity of the birth gap into consideration.
There have been few papers which have studied causal effects of birth spacing and to our knowledge the causal relationship between birth spacing and personality has not been studied before. Buckles and Munnich (2012) use miscarriages as an instrument for birth spacing, and find no effect of the birth gap on the PIAT achievement test scores for the youngest child in a sample of US children. Our study shows negative effects of a 6 larger birth gap on personality. Because personality is positively related to educational outcomes, this appears to be inconsistent with Buckles and Munnich's research.
However, a negative effect on personality does not necessarily imply that educational outcomes are also negatively affected by the birth gap. The reason for this is that other factors related to education may also be affected by the birth gap. In an extension of the analysis, we investigate the causal relationship between the birth gap and a large vector of achievement tests and educational outcomes. We find no robust significant effects of the birth gap on achievement test scores which is in line with the findings in Buckles and Munnich's article. In some specifications, there is a significant negative effect on educational outcomes but in most specifications and for most educational attainment variables there are no effects. The results are therefore inconclusive on the relationship between birth gaps and educational outcomes.
The paper proceeds as follows. Section 2 describes the data. Section 3 discusses the empirical strategy. Section 4 reports the results. Section 5 gives the conclusions.
Data
We use the British Cohort Study (BCS70) which follows a cohort of approximately 17,000 babies who were born in the same week in April, 1970 in England, Scotland and Wales since birth. These individuals have been followed over a time span of 42 years in 10 surveys, namely at the ages of 2, 5, 10, 16, 21, 26, 29, 34, 38, and 42. Important for our paper is that the dataset contains information about whether the mother had a miscarriage before conceiving the second child, and that at the age of 10 7 several questions about personality traits were asked to the child itself and to its mother and its teacher.
There is considerable panel attrition over the years (see table A1 ). At age 10, still around 87% of the sample remains. The attrition is not related to the main variables of our analyses (personality traits, birth spacing, miscarriages), so we conclude that it is unlikely that it is important for our results.
Sample
We restrict our sample to families with two children, whose first surviving child was born before 1970 and the second surviving child in April 1970. We only have data on the child born in 1970 so our analysis focuses on the effects for the youngest child in the household. We exclude families with siblings born after the second child. We also exclude all twins (120 subjects) from the sample, since in this case there are no miscarriages possible between the first and second child. As a result, the sample reduces from 17,196 to 4,114 children. Table 1 gives an overview of the descriptive statistics of all the variables.
Birth spacing
We define birth spacing as the difference in years between the two siblings in the household. The mean birth gap is 3.5 years (see table 1), which is remarkably similar to the reported gap in the sample of Buckles and Munnich (2012) (3.4 years) and to the 8 An important caveat in our study is that we only have information on birth spacing in years which is crude relative to the measure used for instance by Buckles and Munnich (2012) who report the spacing in months. On the positive side, our data contain more observations of miscarriages than theirs: 424 relative to 291 in their sample.
Having enough observations is crucial for our analysis since miscarriages are relatively rare.
We study the linear relationship between birth spacing and personality. However, it may be that there are important non-linearities in the relationship, e.g. that there is an optimal amount of birth spacing. We show separate regressions with varying restrictions on the range of the birth gap. Figure 1 shows the cumulative distribution of the birth gap.
We restrict the sample to a gap of 15 years (the 99 th percentile) in our baseline estimate in order to exclude outliers. In the robustness checks, we show estimates for the full sample, a restriction on a gap smaller than 7 years (the 90 th percentile), a gap smaller than 5 years, smaller than 4 years, and a gap of 2 or 3 years. 
Miscarriage

Personality traits
The following personality traits are measured in the data: Rutter behavioral problems, self-esteem, locus of control, disorganized, anti-social behavior, neuroticism and introversion.
Rutter scores are answered by the mother. A full list of questions underlying the Rutter score is displayed in Table A4 . A higher Rutter score indicates more negative overall behavior of the child. We use the principle component of the items standardized to a mean of zero and standard deviation of one in order to be able to compare the coefficients across the variables.
Children were asked questions about their self-esteem and about their locus of
control. An overview of the questions is provided in Tables A5 (self-esteem) and A6
(locus of control). A higher score on the self-esteem scale implies a higher self-esteem of the child. A higher score on the locus of control scale implies a more internal locus of control.
Questions about disorganized, anti-social, neurotic and introverted behavior are answered by the teacher of the child. The questions about personality traits of the child were part of a bigger survey on the child's behavior. Table A7 shows the questions per personality trait. A higher score on the variables indicates respectively more disorganized, asocial, neurotic and introverted behavior of the child.
Control variables
We control for several important variables in our regressions. By comparing the estimates before and after controlling, we can get a sense of the extent to which our instrument indeed provides exogenous variation. Next to this, controlling for important characteristics which are related to the personality of children can help to increase the efficiency of the estimates.
Most of the controls are characteristics of the mother: e.g., the mother's age at the delivery of the first born, 1 her smoking behavior during pregnancy, whether she is married or not, and her and her partner's socio-economic class. The age of the mother and her smoking behavior are important controls as these might be related to our instrument. We exclude mothers who were younger than 16 when they had their first child (seventeen in total). On average, women in this sample had their first child at age 23 (see Table 1 ). Figure A1 shows that there is a large variation in the distribution of the mothers' age when they had her first child. Around 43% of the women smoked during pregnancy. For current standards, this is a very high percentage. Table A8 gives more information about the amount of cigarettes smoked by these women. Around 97% of the women were married in 1970 (see Table 1 ). Tables A9 and A10 show statistics on the social class of the father and the mother. Marriage and social class are important controls as they may influence the upbringing of the child.
In our most elaborate estimations, we also control for various other factors. We control for these variables in a separate estimation as the number of observations related to these variables is lower than for the other controls (see Table 1 ). We control for the stability of the marriage: Table 1 shows that 89% of the children lived with the same parents since birth. We also control for the mother's psychological health at age 5 of the child, for a number of variables related to the mother's attitude toward child rearing and toward other views about life (see tables A11 and A12 for the lists of questions). These attitudes may be related to personality traits. Controlling for these variables may therefore reduce standard errors of our regressions. We control also for antenatal care
( Table 1 shows that around 16% of the women used antenatal care), and the amount of miscarriages before the oldest child because these variables are related to our instrument as explained below (see Table A13 for the frequency of miscarrying before the oldest child).
Empirical Strategy
Birth spacing is endogenous which implies that we cannot rely on OLS regressions of personality traits on the birth gap. 2 In order to study the causal relationship between birth spacing and personality, we need exogenous variation in birth spacing. Following
Buckles and Munnich (2012), we employ an instrumental variables approach exploiting miscarriages between the first and second child as an exogenous source of variation in the birth gap. The assumptions underlying this method are that (1) women who miscarry between their first and second child on average have a larger age difference between the children, and (2) that miscarrying occurs at random. Below we discuss these assumptions.
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First stage estimations
In order to investigate whether miscarriages can be used as an instrument for the birth gap, we first show histograms of the birth gaps for mother who did and who did not miscarry. Figure 2 clearly shows that the distribution of the birth gap of mothers who miscarried lies more to the right than for the non-miscarrying mothers.
First stage regressions in Table 2 confirm that on average, miscarriages lead to a larger birth gap. The table reports regressions of the relationship for three variants of the birth gap variable, including and excluding controls. It is evident that miscarriage is a strong predictor of the birth gap (F-test>10) in all variants of the regressions.
Interestingly, the table also shows that the birth gap appears to be endogenous as it is related to various controls, e.g. mother's age at delivery of the first child, smoking, social class, etc. This supports our choice to show IV regressions instead of focusing on correlations.
Exogeneity assumption
The second condition for our instrument to be valid is that miscarriages occur at random.
Buckles and Munnich (2012) mention that chromosomal abnormality in the fetus is the most common reason for miscarriages. This abnormality is usually random and not associated with a higher risk of miscarrying in a next pregnancy. However, there may be other unobserved reasons for miscarrying. In order to get a sense of the validity of the assumption that miscarrying occurs at random, we show in Table 3 that miscarriages do not correlate with the observables in our data: e.g. smoking behavior of the mother during 13 pregnancy, age of the mother, feelings of depression, and social class. The table shows that mothers who miscarried between their first and second child more often make use of antenatal care. This is logical because after a miscarriage, both women and their physicians may want to monitor the pregnancy more closely. We will control for the use of antenatal care (and for the other observables) in our regressions.
Although the main determinant of miscarrying (chromosomal abnormality in the fetus) may occur at random and not give a higher risk in the next pregnancy, the table reveals that women who miscarry between their first and second child were more likely to also have miscarried before their first child. This implies that there may be a genetic or behavioral component to miscarrying. We therefore control for miscarriages that happened before the first child in our regressions. Conditional on these controls, miscarriages arguably occur at random, implying that we can use them as exogenous shocks.
A related issue is that miscarriages may affect the outcomes we study through other channels than the birth gap. The most obvious channel may be that mothers suffer mentally or physically after a miscarriage. The literature discussed by Buckles and Munnich (2012) has concluded however that symptoms of depression or anxiety typically disappear within one year after a miscarriage. Moreover, women who have a healthy pregnancy after the miscarriage (as is the case in our analysis) appear to be less likely to suffer from depression. Miscarriages furthermore do not appear to affect attachment to the next born child, and mothers who miscarry after the first born child are at lower risk of delivering prematurely than those who had not previously given birth. We conclude 14 from these earlier studies that it is unlikely that reduced maternal mental or physical wellbeing can explain our findings.
Buckles and Munnich (2012) present other interesting points with respect to the identification strategy. One issue is that a miscarriage is both related to a change in birth spacing and to a change in parental age. Therefore, the effect of spacing cannot be identified independent of parental age. However, from a policy perspective, the combined effect of spacing and parental age is of interest since any policy which increases spacing will also increase parental age. A second point is that miscarriages may be underreported.
Assuming this underreporting is random, our estimates are attenuated, and hence present lower bounds. Table 4 shows the main result of our analysis: a larger birth gap has a significant negative effect on personality traits: disorganized behavior and neuroticism. Importantly, the relationships are robust to the inclusion of the controls describes above. The results show that if the age gap between siblings increases with one year, disorganized behavior increases with approximately 0.11 standard deviations and neuroticism with 0.15 standard deviations. Table 6 shows that if we use the narrow definition of miscarriages, results remain similar although less significant at small ranges. Tables 7 and 8 separate the results for boys and girls. Sample sizes reduce with around 50% so many significant results are no longer significant. Nevertheless, it appears that both boys and girls become more neurotic when faced with a larger birth gap. Boys additionally become more disorganized while girls become more anti-social and introverted.
Results
Birth gap and educational outcomes
Our study shows negative effects of a larger birth gap on personality, which in turn suggests negative effects on outcomes related to personality such as education. In light of the earlier findings of zero effects of the birth gap on achievement test scores (Buckles and Munnich 2012), an important further question is how to interpret our results relative to their results. Are larger birth gaps good or bad for children's educational attainment?
Theoretically, it is important to note that our findings are not necessarily inconsistent with the findings of these authors because birth gaps may affect a large array of variables which in turn affect educational outcomes. So even if the birth gap negatively affects personality and personality is positively related to education, it may still be that the birth gap does not affect education.
We investigate the effects of the birth gap on a large vector of achievement tests and educational outcomes: see Table 9 . We find no robust significant effects of a larger 16 birth gap on any achievement test which is in line with Buckles and Munnich's result.
The results show no effects or in certain specifications significant negative effects on other education outcomes. The results are therefore inconclusive on the relationship between birth gaps and educational outcomes.
Conclusions and policy implications
This paper shows that larger age gaps between siblings negatively affect personality traits of the youngest child in a two-child household. Specifically, a larger birth gap leads to more disorganized behavior, more neuroticism, and more introversion. For small gap ranges (gaps of less than 4 years or a gap of 2 or 3 years), we find that a larger gap leads to less self-esteem, more introversion and more anti-social behavior. Separating the results for boys and girls, girls become more neurotic when the birth gap is larger, while for smaller gap ranges, they become more anti-social and more introverted. Boys become more neurotic for large gap ranges and more disorganized for small gap ranges.
Although personality traits appear to be negatively affected by the birth gap, it remain unclear at this point whether the birth gap affects future success of children in education and the labor market. More research is needed on this relationship. If the government targets to improve personality traits as such, it can be interesting for policy makers to consider interventions to shorten birth gaps. Policy makers can intervene in many ways, from providing information or services to economic incentives or regulations. One type of intervention can for instance be to provide information about the negative effects of a larger birth space on personality of the second child through online campaigns or leaflets at gynecologists' waiting rooms. Another implementation of such an intervention was done in Sweden, where women receive more parental leave benefits when the gap between children was less than two years (see Petterson-Lidbom and Skogman Thoursie 2009). In this way, the maternal leave period is condensed, which is financially attractive for the government, as well as for the mother. Not only will she receive more money when she shortens the birth gap between two siblings, she may also be more able to re-enter the labor market sooner. This will result in lower depreciation of her skills and a higher likeliness to find a job that matches her skills, and thus receiving a higher income. Bleske-Rechek, A., Kelley, J. (2014) . Birth order and personality: a within-family test using independent self-reports from both firstborn and later born siblings. Personality and Individual Differences 56, 15-18. Note: The sample is restricted to two-child families. All personality traits are measured at age 10 of the second (i.e. youngest) child and standardized to mean zero and standard deviation one. Questions related to the Rutter test are answered by the mother. Self-esteem and locus of control questions are answered by the child. Questions related to disorganized, asocial, neurotic and introverted traits are answered by the teacher. A high score on the Rutter test implies more behavioral difficulties. A high score on the locus of control scale implies an internal locus of control. Miscarriages are broadly defined to include the following categories: 'died under 7 days,' 'died 7 days and over,' 'stillbirth,' 'miscarriage,' 'ectopic,' and 'hydatidiform mole.' We define a miscarriage with a narrow definition if the respondents indicated the 'miscarriage' category. In a robustness check we include all other categories (excluding 'alive in April 1970'). Social class mother/father contain 6 categories. See the appendix for more information. Mother's wellbeing at age 5 of the second child is standardized to mean zero and standard deviation one. All variables concerning mother's attitudes are standardized to mean zero and standard deviation one as well.
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Figure 1 Cumulative distribution of the birth gap
Note: the birth gap is measured in years which explains the stepwise progression. Note: Each cell shows the coefficient of a separate IV regression with the variable indicated in the row as the dependent variable and birth gap as the independent variable. The instrument is the number of miscarriages between the siblings with the broad definition. All columns add controls for number of miscarriages between first and second child (broad), gender, mother's age at delivery of first child, married at time of birth of second child, social class father, social class mother, smoking behavior mother during pregnancy second child, antenatal care during pregnancy of second child, mother's wellbeing at age 5 of second child, second child lives with same parents since birth, and mother's attitudes. See table 1 for definitions of these variables. Standard errors are shown in parentheses. *** p<0.01, ** p<0.05, * p<0.1 Note: Each cell shows the coefficient of a separate IV regression with the variable indicated in the row as the dependent variable and birth gap as the independent variable. The instrument is the number of miscarriages between the siblings with the narrow definition. All columns add controls for number of miscarriages between first and second child (broad), gender, mother's age at delivery of first child, married at time of birth of second child, social class father, social class mother, smoking behavior mother during pregnancy second child, antenatal care during pregnancy of second child, mother's wellbeing at age 5 of second child, second child lives with same parents since birth, and mother's attitudes. See table 1 for definitions of these variables. Standard errors are shown in parentheses. *** p<0.01, ** p<0.05, * p<0.1 Note: Each cell shows the coefficient of a separate IV regression with the variable indicated in the row as the dependent variable and birth gap as the independent variable. The instrument is the number of miscarriages between the siblings with the broad definition. All columns add controls for number of miscarriages between first and second child (broad), gender, mother's age at delivery of first child, married at time of birth of second child, social class father, social class mother, smoking behavior mother during pregnancy second child, antenatal care during pregnancy of second child, mother's wellbeing at age 5 of second child, second child lives with same parents since birth, and mother's attitudes. See table 1 for definitions of these variables. Standard errors are shown in parentheses. *** p<0.01, ** p<0.05, * p<0.1 Note: Each cell shows the coefficient of a separate IV regression with the variable indicated in the row as the dependent variable and birth gap as the independent variable. The instrument is the number of miscarriages between the siblings with the broad definition. All columns add controls for number of miscarriages between first and second child (broad), gender, mother's age at delivery of first child, married at time of birth of second child, social class father, social class mother, smoking behavior mother during pregnancy second child, antenatal care during pregnancy of second child, mother's wellbeing at age 5 of second child, second child lives with same parents since birth, and mother's attitudes. See table 1 for definitions of these variables. Standard errors are shown in parentheses. *** p<0.01, ** p<0.05, * p<0.1 Note: Each cell shows the coefficient of a separate IV regression with the variable indicated in the row as the dependent variable and birth gap as the independent variable. The instrument is the number of miscarriages between the siblings with the broad definition. All columns add controls for number of miscarriages between first and second child (broad), gender, mother's age at delivery of first child, married at time of birth of second child, social class father, social class mother, smoking behavior mother during pregnancy second child, antenatal care during pregnancy of second child, mother's wellbeing at age 5 of second child, second child lives with same parents since birth, and mother's attitudes. See Table A6 Questions about locus of control answered by youngest child at age 10  Do you feel that most of the time It's not worth trying hard because things never turn out right anyway?  Do you feel that wishing can make good things happen?  Are people good to you no matter how you act towards them?  Do you usually feel that it's almost useless to try in school because most children are cleverer than you?  Is a high mark just a matter of "luck" for you?  Are tests just a lot of guesswork for you?  Are you often blamed for things which just aren't your fault?  Are you the kind of person who believes that planning ahead makes things turn out better?  Do you find it easy to get up in the morning?  When bad things happen to you, it's usually someone else's fault?  When someone is very angry with you, is it impossible to make him your friend again?  When nice things happen to you is it only good luck?  Do you feel sad when it's time to leave school each day?  When you get into an argument it is usually the other person's fault?  Are you surprised when your teacher says you've done well?  Do you usually get low marks, even when you study hard?  Do you think studying for a test is a waste of time? Girls are just as capable of boys to be engineers.
Women need something more from life than they can get by just looking after the home and children.
Young children who never see children's TV miss a lot which is of value.
Attitude to hospital visiting
Authoritarian world view
Authoritarian child rearing
Attitude to child independence It's best not to visit children under five in hospital because it is too upsetting for the child.
People should be satisfied with their lot in this world and not struggle to get more.
A child should not be allowed to talk back to his parents.
A young child must be allowed to be himself even if this means going against his parents' wishes.
Note: The mother could answer each statement with 'strongly agree', 'mildly agree', 'cannot say', 'mildly disagree' and 'strongly disagree'. In total 43 statement were given. Statements were positively and negatively framed, resulting in a z-score calculated by the researchers of the British Cohort Study. Note: Each cell shows the coefficient of a separate OLS regression with the variable indicated in the rows as the dependent variable and birth gap as the independent variable. All dependent variables are standardized to mean zero and standard deviation one. The birth gap is measured in years. The first column shows the results when no controls are added to the regressions. The second column adds controls for number of miscarriages between first and second child (broad), gender, mother's age at delivery of first child, married at time of birth of second child, social class father, social class mother, smoking behavior mother during pregnancy second child, antenatal care during pregnancy of second child. The third columns additionally adds controls for mother's wellbeing at age 5 of second child, second child lives with same parents since birth, and mother's attitudes. See table 1 for definitions of these variables. Standard errors are shown in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
